We modelled the kinetics of H 2 flux during gas uptake and elimination in conscious pigs exposed to hyperbaric H 2 . The model used a physiological description of gas flux fitted to the observed decompression sickness (DCS) incidence in two groups of pigs: untreated controls, and animals that had received intestinal injections of H 2 -metabolizing microbes that biochemically eliminated some of the H 2 stored in the pigs' tissues. To analyse H 2 flux during gas uptake, animals were compressed in a dry chamber to 24 atm (ca 88% H 2 , 9% He, 2% O 2 , 1% N 2 ) for 30-1440 min and decompressed at 0.9 atm min −1 (n = 70). To analyse H 2 flux during gas elimination, animals were compressed to 24 atm for 3 h and decompressed at 0.45-1.8 atm min −1 (n = 58). Animals were closely monitored for 1 h postdecompression for signs of DCS. Probabilistic modelling was used to estimate that the exponential time constant during H 2 uptake (τ in ) and H 2 elimination (τ out ) were 79 ± 25 min and 0.76 ± 0.14 min, respectively. Thus, the gas kinetics affecting DCS risk appeared to be substantially faster for elimination than uptake, which is contrary to customary assumptions of gas uptake and elimination kinetic symmetry. We discuss the possible reasons for this asymmetry, and why absolute values of H 2 kinetics cannot be obtained with this approach.
INTRODUCTION
The risk of decompression sickness (DCS) is believed to be a function of the volumes of gases dissolved in tissues and the rate and magnitude of decompression from a higher pressure (Boycott et al., 1908; Hills, 1978) . For humans performing deep dives to 15-60 atm (1.5-6 MPa), H 2 is a suitable diluent to O 2 in the breathing mixture due to its low density and its special properties that act to reduce symptoms of High Pressure Neurological Syndrome (Abraini et al., 1994) . In animal models of H 2 diving, the DCS incidence has been successfully reduced in rats (Kayar et al., 1998) and pigs (Fahlman et al., 2001; Kayar et al., 2001 ) by a process that has been termed H 2 biochemical decompression. In this process, H 2 -metabolizing microbes, Methanobrevibacter smithii (Miller, 1989) , are surgically injected into the large intestines of the animals. The microbes metabolize a small but critical fraction of the H 2 dissolved in the tissues of these animals during a hyperbaric H 2 exposure. The volume of dissolved gas eliminated by this process was previously estimated to be on the order of 12% of the total gas burden acquired during a 3 h dive in the pig, or approximately 10 mmol, resulting in a decrease in the DCS incidence by as much as 50% (Kayar et al., 1998; Fahlman, 2001; Fahlman et al., 2001) .
Gas fluxes in tissues have been described commonly in hyperbaric research by a time constant, τ (Tikuisis et al., 1991; Weathersby et al., 1992) . The classic models computed the probability of decompression sickness [P(DCS)] as a single exponential time function, which therefore assumes that gas fluxes can be described adequately by one value for τ for the entire body, with symmetrical kinetics for gas uptake and elimination (Boycott et al., 1908; Weathersby et al., 1984) . Recent models have been more successful at predicting DCS outcomes by computing two or more estimates of τ . These have included estimating τ for compression separately from decompression (Lillo et al., 1997; Lillo and Parker, 2000) ; estimating separate values of τ for two different gases in a breathing mixture (Parker et al., 1998) ; and hypothesizing two or more compartments within dive subjects, with each compartment distinguished by its own τ (Tikuisis et al., 1991; Himm et al., 1994) .
In the study by Fahlman et al. (2001) , the gas kinetics of H 2 were initially modelled using the data from 109 well-documented hyperbaric exposures of varying durations, pressures, and compression and decompression rates. Initially, the model was designed to estimate two separate time constants for uptake and elimination. However, the separation of different τ values for uptake and elimination was not validated by the model (Fahlman et al., 2001) . Therefore, Fahlman et al., (2001) used one exponential time constant to describe the kinetics, which satisfactorily explained the observed DCS incidence. However, since other DCS modelling efforts (Tikuisis et al., 1991; Himm et al., 1994; Lillo et al., 1997; Parker et al., 1998; Lillo and Parker, 2000) and studies using direct physiological or physical measurements of gas fluxes in animals (D'aoust et al., 1976; Novotny et al., 1990) suggest that the uptake and elimination of gases are asymmetrical, we wanted to perform a critical evaluation of our previous model (Fahlman et al., 2001) in an attempt to gain further understanding of gas fluxes in hyperbaria. Studying gas kinetics and DCS risk in this data set is particularly interesting because of the combination of gas fluxes occurring during conventional decompression and fluxes due to active metabolism of gas during biochemical decompression.
